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ABSTRACT 



A testing device for qualitatively or quantitatively sensing an 
electrochemical or analogous reaction at the surface of a test 
strip (46), the current flowing or charge accumulated at the 
test strip being processed by electronics (50) to generate a 
current signal suitable for activating a display (52) typically 
in the form of a thermochromic layer. 

12 Claims, 4 Drawing Sheets 
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sensing modules 62 each with an associated display module 3. A testing device according to claim 2, in the form of a 

64, which correspond generally to modules 51 and 55 of hand -held device. 

FIG. 6. In use, unit 60 is connected to the sensing module 4. A testing device according to claim 1, further compris- 

and associated display module at one end of the array, as ing a source of electrical power. 

illustrated schematically by arrow 66, and the test is per- 5 5. A testing device according to claim 1, wherein at least 

formed as described above. The modules used may then be the sensing element is separable from the remainder of the 

separated from the remainder of the array. The sensing testing device and is disposable. 

module will generally be disposed of after use, and the 6. A testing device according to claim 1, wherein the 
display module may either be disposed of with the sensing sensing element carries a promoter for stimulating an elec- 
module or may be separated from the sensing module and 10 trochemical reaction at the surface of a test strip, 
retained for record purposes. To this end, the display mod- 7- A testing device according to claim 1, wherein the 
ules each carry a unique, preferably machine-readable, iden- display device includes a thin layer of colored material 
tifier 68 such as a bar code. The bar code could be read by becoming transparent with generation of heat, located 
the electronic components and recorded in a computer between the conductive track and the thermochromic layer, 
readable format for additional processing be the said elec- 15 8. A testing device according to claim 1, wherein the 
tronics or by external facilities. The bar codes could incor- thermochromic layer is adapted to provide an analogue 
porate a code to identify the analytes that can be measured read-out in the form of a bar the length of which is dependent 
or the actual performance characteristics of the particular on the magnitude of the current passing through the con- 
batch being used. Instead of bar codes other known forms of ductive track. 

coding such as shades of colour, diffracting grating charac- 20 9. A testing device according to claim 1, wherein the 
teristics or passive electronic components or others known thermochromic layer is adapted to provide a digital re ad -out 
to those skilled in the art could alternatively be used. in the form of a number of discrete steps which is dependent 
The tester may be employed for a variety of purposes, on the magnitude of the current passing through the con- 
such as sensing oxido-reductase reactions which result in ductive tracks. 

current flow or changes in chemical potential at electrode 25 10. A method of testing a fluid for a particular character- 
surfaces. Examples are GODFAD/FADH2, or enzymes ^tic thereof using a testing device, comprising the steps of 
which employ NAD/NADH2 or NADP/NADPH2 systems. contacting the fluid with the testing device to cause a sensing 
In potentiometry, it is possible qualitatively or quantitatively element to produce a response indicative of the character- 
to sense any chemical reaction which changes the electro- ^tic to be determined, and electronically processing the 
chemical potential at the surface of an electrode in a manner 30 response to produce an electrical current the magnitude of 
that reflects the concentration of the analyte. This could which * indicative of the characteristic, characterized by the 
include schemes based upon inhibition principles as well as fatihct ste P of passing the electrical current through a 
the usual forms of determination. It is possible for the test conductive track underlying a thermochromic layer which 
strip to carry a substance which promotes the reaction (when thereby changes color to a dimensional extent dependent on 
the test strip is disposable). The electro-chemical reaction 35 me magnitude of the current. 

may be associated with antibody- antigen reactions (Ab-Ag) 11 • A method according to claim 10, applied to test the 

for electrochemical linked immuno assays. concentration of an analyte in a solution by sensing an 

*k„ „„„ u„ „ 1 • ,1 t *• i electrochemical reaction at the surface of an electrode on the 

Moreover, the tester^ can be applied to optical assay , 

systems, such as in any of the foregoing examples, but with sensing e emen . 

optical detection and transduction. 40 , ' testing device for use m determination of a particu- 

We claim* characteristic of a fluid, comprising a sensing element 

1. A testing device for use in determination of a particular havin S e ! ectr ° des for contacting the fluid means whereby a 
characteristic of a fluid, comprising a sensing element for ™ ^ * C ^ d to ? aS f b f tw ^ D ^ ^tro-d csw hen 
contacting the fluid and producing a response indicative of SCt ^ ' clemen 15 m ^ ntact Wlih mc fluid > *\ magm ; 
the characteristic to be determined, electronic means for 45 * de °f said C ™ ^ n bem * representative of the fluid 
processing the response to produce an electrical signal of characte ^ c to be determined, electronic means for pro- 
magnitude indicative of the characteristic, and a display ^ssmg tile current signal to produce a display signal, and a 
device comprising a conductive track for passing a current d ^ dcviCC f ° r ^Jf^ ^ whereby '° 
the magnitude of which is dependent on the magnitude of the P roduce *™™\ of thc fl ™ d characteristic to be 
electrical signal produced by the electronic means and a 50 de ™ ed > said d * P 1 *? d&vlce composing a conductive 
thermochromic layer overlying the conductive track for f ack for f ^ the P la ? ^al and a thermochromic 
changing color to a dimensional extent dependent on the ^yer <™ d ™ track for changing color to a 
magnitude of current passing in the conductive track. J d ependent on the magnitude of the 

2. A testing device according to claim 1, in the form of a P Y S - 

portable device. ***** 
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labels materials which block or reflect the electromagnetic said one or more sensors being positioned such that 

radiation, rather than absorb it, e.g. "white" particles such as when said portion of said assay device is received 

latex particles in their natural uncoloured state. within said receiving means, said detection zone is 

Alternatively, the label can be a reactant or catalyst which disposed in the electromagnetic radiation path 

participates in the generation of a radiation absorbing or 5 between said source and said one or more sensor; 

radiation-blocking material, e.g. an enzyme which reacts an( j 

with a substrate to produce a detectable material, such as a a diffilS er in froni of said one or more seQSors and 

coloured material, in the detection zone. downstream of said assay device such that electro- 

EXAMPLE magnetic radiation from said source must pass 

The purpose of this example is to confirm that the 10 through said difiiiser before reaching said one or 

transmission reading system of the invention enables con- more sensors, said detection zone of said assay 

sistent data to be obtained from a testing device. device being disposed in the electromagnetic radia- 

A dual-analyte testing device, selected at random from a tion P ath between said source and said diffuser when 

batch of identical devices constructed as hereinbefore said dcvicc * received within said receiving 

described with reference to FIGS. 1 and 2, using blue- 15 means. 

coloured latex particles as a label concentrated in two test 2 - ^ assa > r result reader according to claim 1, wherein 
lines on a nitrocellulose strip to reveal the test result, was said electromagnetic radiation is light, 
repeatedly inserted and "read" in a monitor constructed as 3 ^ assa y result reader according to claim 2, wherein 
hereinbef ore described with reference to FIGS. 3 to 8. said U S ht * li S ht - 

The intensities of the two test lines respectively repre- 20 * result rcadcr according to claim 1, wherein 

sented the concentrations of LH and E3G in a urine sample sajd radianon * s P^ ed and said one or more sensors are 
applied to the testing device. synchronized so that they function only in phase with the 

The testing device was inserted and removed from the pu^d radiation, 
monitor 10 times, ^percentage light transmission for each * ^ result r f ad " aocorxim f * c *™**> ^™ 
reading was as follows: 25 s radiation has a pulse frequency of at least about 1 kHz. 

6. A test kit comprising an assay result reader according 
to claim 1, together with said assay device comprising a 
porous liquid-permeable carrier strip or sheet through the 
thickness of which electromagnetic radiation is 

30 transmissible, said carrier including said detection zone in 
which an assay result is revealed by specific binding of a 
detectable material directly or indirectly to a binding agent 
immobilized in said detection zone. 

7. A test kit according to claim 6, wherein said assay result 
35 reader includes said receiving means for receiving at least a 

portion of said device, said portion including said detection 
zone, to present said detection zone to said reading means 
comprising said electromagnetic radiation and said one or 
more sensors located such that upon insertion of said device 
40 into said receiving means, electromagnetic radiation can be 
passed through said device and the intensity of electromag- 
netic radiation emerging from said device can be detected by 
These results indicate that the reading system of the sa jd one or more seD sors. 
invention produces consistent data which is not affected 8 . A test ^ as claimed m claim 7? where in said receiving 
significantly by any variability of test line placement when 45 means incorporates interlocking means engageable with 
the test device is inserted in the monitor. corresponding interlocking means on said device to ensure 

What is claimed is: mat upon rece i p t 0 f said device by said reader said at least 

1. An assay result reader, for use in conjunction with an D ne detection zone is located and maintained in a predeter- 
assay device which composes a porous liquid-permeable mined spatial relationship relative to said reading means, 
carrier in the form of as trip or sheet through the thickness 50 9> A test ^ as claimed in claim 8, wherein said receiving 
of which electromagnetic radiation is transmissible, said means i ncm des actuating means triggered by said receipt of 
carrier including a detection zone in which an assay result is sa jd device, said actuating means causing said reading of 
revealed by specific binding of a detectable material directly said at i east orje detection zone to be initiated, 
or indirectly to a binding agent immobilized in said detec- io. A test kit according to claim 6, wherein said electro- 
tion zone, detection of said detectable material being 55 magnetic radiation is light. 

effected by determining the extent to which electromagnetic n A test ^ according to claim 10, wherein said light is 
radiation transmitted through the thickness of said carrier is visible light. 

attenuated by the presence of said detectable material bound 12t A test kit as claimed in claim 6, wherein said detect- 

in said detection zone, said assay result reader comprising: a bl e material comprises a particulate direct label. 

a) reviving means for receiving at least a portion of said so . 13. A test kit as claimed in claim 12, wherein said 
assay device, said portion including said detection electromagnetic radiation is visible light of a wavelength 
zone; that is strongly absorbed by said particulate direct label. 

b) reading means associated with said receiving means 14. A test kit according to claim 6, wherein said assay 
said reading means comprising: device is one of a plurality of identical such devices pro- 

(i) at least one source of electromagnetic radiation; 65 vided as part of the kit. 

(ii) one or ore sensors capable of detecting the intensity 15. A test kit comprising an assay result reader together 
of said electromagnetic radiation, said source and with an assay device comprising a porous liquid -permeable 
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carrier in the form of a strip or sheet through the thickness 
of which electromagaetic radiation is transmissible/ said 
carrier including a detection zone in which an assay result is 
revealed by specific binding of a detectable material directly 
or indirectly to a binding agent immobilized in said detec- 
tion zone, detection of said detectable material being 
effected by determining the extent to which electromagnetic 
radiation transmitted through the thickness of said carrier is 
attenuated by the presence of said detectable material bound 
in said detection zone, said assay result reader comprising: 

a) receiving means for receiving at least a portion of said 
assay device, said portion including said detection 
zone: 

b) reading means associated with said receiving means, 
said reading means comprising: 

(i) at least one source of electromagnetic radiation; and 

(ii) one or more sensors capable of detecting the 
intensity of said electromagnetic radiation, said 
source and said one or more sensors being positioned 
such that when said portion of said assay device is 
received within said receiving means, said detection 
zone is disposed in the electromagnetic radiation 
path between said source and said one or more 
sensors; and 

(iii) a diffuser in front of said one or more sensors such 
that electromagnetic radiation from said source must 
pass through said diffuser before reaching said one or 
more sensors said detection zone of said assay device 
being disposed in the electromagnetic radiation path 
between said source and said diffuser when said 
assay device is received within said receiving means 
and 

wherein said carrier of said assay device is within a casing 
or cover forming part of said assay device, and said casing 
or cover having electromagnetic energy transmitting regions 
enabling electromagnetic radiation to be passed through said 
device, said detection zone lying in the electromagnetic 
radiation path between said transmitting regions. 

16. A test kit as claimed in claim 15, wherein said device 
casing or cover includes internal registration means which 
engages with corresponding registration means associated 
with said carrier such that said detection zone within said 
device casing or cover is located in a predetermined spatial 
relationship relative to interlocking means on said device 
casing or cover. 
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17. A test kit according to claim 16, wherein said internal 
registration means comprises a pin or the like, engageable 
with a hole or indentation in said carrier, said detection zone 
being at a predetermined location on said carrier relative to 
said hole or indentation. 

18. A test kit according to claim 15, wherein said elec- 
tromagnetic radiation from said source is pulsed. 

19. A test kit comprising an assay result reader together 
with an assay device comprising a porous liquid-permeable 
carrier in the form of a strip or sheet through the thickness 
of which electromagnetic radiation is transmissible, said 
carrier including a detection zone in which an assay result is 
revealed by specific binding of a detectable material directly 
or indirecdy to a binding agent immobilized in said detec- 
tion zone, detection of said detectable material being 
effected by determining the extent to which electromagnetic 
radiation transmitted through the thickness of said carrier is 
attenuated by the presence of said detectable material bound 
in said detection zone, said assay result reader comprising: 

a) receiving means for receiving at least a portion of said 
assay device, said portion including said detection 
zone; 

b) reading means associated with said receiving means, 
said reading means comprising: 

(i) at least one source of diffuse electromagnetic radia- 
tion; and 

(ii) one or more sensors capable of detecting the 
intensity of said electromagnetic radiation, said 
source and said one or more sensors being positioned 
such that when said portion of said assay device is 
received within said receiving means, said detection 
zone is disposed in the electromagnetic radiation 
path between said source and said one or more 
sensors; and 

(iii) a diffuser in front of said one or more sensors such 
that electromagnetic radiation from said source must 
pass through said diffuser before reaching said one or 
more sensors, said detection zone of said assay 
device being disposed in the electromagnetic radia- 
tion path between said source and said diffuser when 
said assay device is received within said receiving 

- means 

wherein said carrier strip or sheet comprises nitrocellulose 
having a thickness not exceeding 1 mm. 
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(57) ABSTRACT 

Methods, devices and test kits for monitoring the ovulation 
cycle, involve testing the body fluid, e.g. urinary, concen- 
tration of one or more analytes. Preferably estrone-3- 
glucuronide and Luteinizing hormone are both measured, and 
a reference concentration for E3G is established at about day 
6 of the current cycle. Preferably, disposable testing devices 
are used, in conjunction with a relatively permanent elec- 
tronic reader/monitor. The number of "daily" tests required 
per month can be minimized. 
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